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ABSTRACT 


~“ 


This report contains propellant test results from cartons of 
TP-H1O11 bulk propellant representing LGM-30 F and G First Stage 
Minuteman Motors. This report uses a statistical approach to 
analyze the bulk carton propellant. “Testing was accomplished in 
accordance with MMEMP Project M-41785M, DO 12 Nr 2MP-155P, 72NE068. 

“An analysis of all parameters indicates that seven years of aging 
at 17°F temperature has not greatly affected the properties of the 
propellant. yNo potential problems are expected in the propellant 
for at least two years past the oldest data point. 

Each poirt on the regression plot represents all samples at 
that particular age. The number of samples at each point is 
indicated on the sample size summary sheet on the page accompanying 


each regression plot. The data range at any age can be found by 


suitable inquiry of the GO85 System. 
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GLOSSARY OF TERMS AND ABBREVIATIONS 


Aging Trend A change in properties or performance result- 
ing from aging of waterial or component 


CSA Cross Sectional Area 
E Modulus (psi), defined as stress divided oy 
strain aleng the initial linear portion of the 
} curve 
EB End Bonded 
EGL Effective Gage Length 

em Strain at maximum stress 

ex Strain at rupture 

DB Dogbone 

Degradation Gradual deterioration of properties or performance 
"FE" ratio The ratio of the variance accounted for by the 


regression function to the random unexplained 
variance. The regression function having the 
most significant "F" ratio is used for plotting 
data. The ratio is also used in detecting signi- 
ficant changes in random variation be-ween 
succeeding time points. 


JANNAF Joint Army, Navy, NASA, Air Force Committee 

MAGC P Propellant Lab Section at OOAMA 

OOAMA Ogden Air Materiel Area, Air Force Logistics 
Command 

Regression The general form of the regression equation 

Equation is Y =a + bx 

Regression Line representing mean test values with respect 

Line to time 

Sy Standard error of estimate of the regression 

coefficient 
Sp or S Standard deviation of the data abcut the 
YX regression line 
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GLUSSARY OF TERMS AND ABBREVIATIONS (cont) 


3M Maximum Stress 

Sr Stress at rupture 

Standard 

Deviation (S.) Square root of variance 

Strain Rate Crosshead speed divided !:y the EGL 

"ce" test A statistical test used to detect significant 


differences between a measured parameter and an 
expected value of the parameter (determines if 


regression slope differs from zero at the 95% 
confidence level) 


Var iance The sum of squares of deviations of the test 
results from the mean of the series after divi- 


sion by one less than the total number of test 
results 


3 Sigma Band The area between the upper and lower 3 sigma 
limit. It can be expected that 99.73% of the 
inventory represented by the test samples would 
fall within this range assuming that the popu- 
lation is normally distributed. 


90-90 Band It can be stated with 90% confidence that 90% of 
the inventory represented by the test samples 
would fall within this range assuming that the 
population is normally distributed. 
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INTRODUCTION 
A. PURPOSE: 

Quality assurance tests have been conducted for eleven years on 
First Stage LGM-30A, B, F and G Mimteman Motor propellant blocks to 
evaluate the effects of aging on TP-H1011 propellant. This report \ 
contains only those tests conducted on propellant from LGM-30F and G 
as instructed in Test Directive GID-1C, Amendment |, LGM-30 First 
Stage Operational Propellant Laboratory Testing. 

Statistical analysis of the tests performed should provide early 
warning if serious degradation trends occur. Annual evaluation of 
the propellant provides data for input into engineering reliability 
for service iife predictions. Testing was performed in accordance 
with MMEMP Directive GTD-1C, Amendment 1. 

B. BACKGROUND: 

LGM-30¥ and G testing was started in 1966 with fhase testing 
at 24 month intervals (Report Numbers 78 ~- zero time; 104, 162, 
185-Phase I, 176, 239, 257-Phase II). Report Number 257 was the 
first time that LGM-30F and G data were reported in statistical 
analysis by itself. The present report is a continuation of testing 
and statistical analysis by the GO85 system. 

Zero vime testing for LGM-30A, B, F and G was started as soon 
as possible after receipt of the propellant by MAGCP. Data from 


these tests were used to establish a base line for each test parameter. 


-l- 


ee OR epee ESE Eo ees 
RE A Oe hie Te ST ee ee ee ee, CREP P Ee, eR 


The LGM-30F and G propellant test matrix (Table 1) is used to 


determine the number of specimens to be taken fran eacn propellant 


loaf and the specific test or tests to which these specimens are 


to be subjected. Very low rate and low rate tensile specimens are 


taken on all LGM-30F and G blocks. Specimens for other physical and 


combustion tests are taken from every third (LGM-20F and G) block. 
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STATISTICAL APPROACH 

Linear regression analysis was used as the method of data 
evaluation. Data from different time periods were used to 
establish a least squares trend line for the data. The variance 
about the regression line, obtained using individual values of the 
dependent variable, was used to compute a tolerance interval such 
that at the 90% confidence level, 90% of the sample distribution 
falls within this interval. This tolerance interval was extrapolated 
to a maximum ot 24 months. The "t" values and the significance of 
this statistic, which are reported for each regression model, give 
an indication of the "statistical significance" of the slope of 
the trend line as compared te a line of zero slope. Data were 
plotted by the computer. ‘The "y" axis is computed so thet the 
values at one inch intervals are peculiar to the data spread of the 


parameter tested. 
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TEST RESULTS 


VERY LOW RATE TENSILE: 

The strain properties are decreasing with the stresses and 
modulus increasing. All of the regressions show a statistically 
significant increase or decrease, but should not affect the pro- 
pellant serviceability at this time (Figures 1 thru 5). 

LOW RATE BIAXIAL TENSILE: 

Strain at maximum stress, maximum stress, and strain at rupture 
show a statistically significant increase. However, it snould be 
noted the slope of the curves is relatively flat. Stress at 
rupture and modulus show no significant trend (Figures 6 thru 10). 
LOW RATE TENSILE: 

For all parameters except strain at rupture a statistically 
significant increase is shown (Figures 11 thru 15). 

HIGH RATE TRIAXIAL: 

Strain at maximum stress and strain at rupture show no significant 
trends. Maximum stress, stress at rupture, and modulus show 
a statistically significant trend (Figures 16 thru 20). 
HYDROSTATIC TENSILE: 

No significant trend is shown except for modulus. The modulus 
trend is decreasing, but the slope is gradual anc should aot 
present a problem at this time (Figures 21 thru 25). 

TENSILE TESTING SUMMARY: 

Stresses and modulus are gradually increasing with age as 
expected. Very low rate tensile strain shows a gradval decrease. 
Low rate tensile strain at rupture shows no significant change; 
all other strain graphs show a gradual increase. No operational 


problems are indicated in the propellant at this time. 
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CREEP COMPLIANCE: 

The regressions show a decreasing trend except for strain at 
rupture which shows an increase. This agrees well with the tensile 
results (Figures 26 thru 30). 

STRESS RELAXATION: 

Data were obtained at temperatures of -65, -40, 26, 77, 100, 
120, 140, 160 and 180°F (Figures 31 thru 66). At -65, -40 and 20°F 
the trends show a decrease except for stress relaxation modulus at 
40 degrees F at 10 sec (Figure 35) and 20 degrees F at 1000 sec 
(Figure 42). For all other temperatures no significant changes are 
shown except for stress relaxation modulus at 120 degrees F, 10 and 
, 50 sec (Figures 51 and 52) and 140 degrees F 1000 sec (figure 58). 

CONSTANT STRAIN: 

The regression analysis indicates a statistically significant 
downward trend of the rupture strain although the slope is gradual 
(Figure 67). 

DYNAMIC RESPONSE: 
The storage shear modulus at 200 and 500 Hz shows a decrease 


in the slope cf the regression line. This slope is closer to 


zero or flat than in the previous report (Figures 6§ thru 71). 
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The loss tangent at 200 and 500 Hz shows a gradual inccease in 
the slope of the regression line (Figures 68 thru 71}. 
FAILURE ENVELOPE: 

The majority ef the points are resonably close to the curve 
(Figure 72). 
DTA: 

The endotherm shows a statistically significant increase. 


However, the slope of the regression line is relatively flat. 


The first exotherm shows a statistically significant dec:ea3e 
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and the second and third exotherms show no significant change. 


The ignition temperature shows a statistically significant 
increase. 

Where a significant change is shown the slope of the regression 
line is graduai (Figures 73 thru 77). 
HEAT OF EXPLOSION: 

Although the regression slope is statistically significant, 
the slope of the regression line is close to zero and therefore, no 
operational problems are expected at this time (Figure 78). 
PRESSURE TIME: 


The data are widely scattered on ooth the time to maximum pressure 


TELL Me ramet 


(Figures 79 and 80). 
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BURNING RATE: 


Although this cest shows a statistically significant incvease, 
it should be noted that if the zero time testing points were eliminated 
(possible post-cure) the slope of the regression line would be 
practically flac (Figure 81). 

IGNITABILITY: 

The ignition threshold shows no significant trend (Figure 82). 
IMPACT SENSITIVITY: 

The regression shows no significant change (Figure 83). 

SHORE HARDNESS : 

Very little change is occurring in the hardness (Figure 68). 
SOL GEL: 

The weight swell ratio, cross link density and density data 
show a statistically significant trend. However, the slopes are 
very Flat and tne propellant service life mav be exteaded for at 
least two years from the date of last testing. The percent ex- 


tractables by weight shows no significant trend (Figures 85 thru 88). 


CONCLUSIONS 

Seven years of aging at ambient temperature (77°F) has not 
greatly affected the properties of the propellant. Some test 
parameters indicate slight aging trends, but nothing that 
would adversely affect the operational characteristics of the 
rocket motor propellant. 

From the statistical analysis, it does not appear that signi- 
ficant propellant degradation is occurring and the propellant 
reliability should not be affected for at least two years past the 
last data point. Since failure limits are not available for the 
parameters tested, this statement is based on the fact that the 


slopes of the regression curves are relatively close to zero or flat. 
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RECOMMENDATIONS 
It is cecommended that testing be continued on a regular 
basis to evaluate the effects of aging on motor propeilant, 


and to assure that the propellant will perform as designed. 
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DISTRIBUTION 


OOAMA 
MMCT 
MMNT 


DDC (TISIR) Cameron Station, Alexandria, VA 22314 


SAMSO, Norton AFB, CA 92409 
MNNP 


TRW Systems, Norton AFB, CA 92409 
Attn: Mr. W. Emrick 524/410 


AFPRO, Thiokol Chemical Corporation 
Wasatch Division 
P. 0. Box 524 
Brigham City, Utah 84302 
(Cy to R. E. Keating) 


AFRPL (MKPB) Edwards AFB, CA 93523 
SAC (LGMB) Offutt AFB, NB 68113 


U. S. Naval Ordnance Station, Indian Head, MA 20640 
Attn: Dr. James H. Wiegand 
Fleet Support Dept., Propulsion 
System Development Division, Code FS7 


CPIA, John Hopkins University 
Attn: Dr. P. L. Nichols 
8621 Georgia Avenue 
Silver Springs, MA 20910 


Naval Plant Branch Representative 
Attn: Mr. David W. Pratt 
P.O. Box 157 
Bacchus Works 
Magna, Utah 84044 
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